We investigate whether and how excess comovement of commodity returns has changed over the period 1983-2011. We develop the STDCC model and find that significant increasing long-run trends in excess comovement have appeared since around 2000. We confirm that these increasing trends are not caused just by the recent financial crisis or the changes in sensitivities to common macroeconomic shocks. Moreover, we find no significant increasing trends among off-index commodity returns and only small effects of global demand on increasing trends in excess comovement. These findings provide additional evidence for the timing and scope of the recent increasing commodity-return correlations.
Since the early 2000s, commodities have emerged as an additional asset class alongside traditional ones such as stocks and bonds. Many researchers, using data from before the 2000s, have found slightly negative return correlations between commodity and stock returns (Greer, In this paper, we investigate whether and how correlations among commodity returns have changed recently. We address these questions, however, from a slightly different viewpoint. We focus on excess comovement in commodity returns, initially raised by Pindyck and Rotemberg (1990) and extended by Deb, Trivedi, and Varangis (1996) . The excess comovement of commodities is the correlation among commodity returns after filtering out common macroeconomic shocks. It is hence interpreted as comovement unrelated to market fundamentals. We investigate how such excess comovement has changed over time.
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The formal test of excess comovement among commodity returns is originally developed by Pindyck and Rotemberg (1990) . For monthly data from 1960 to 1985, they find that the excess comovement among several commodity returns are significant. Deb, Trivedi, and Varangis (1996) extend the model by introducing conditional heteroskedasticity and a time-varying conditional correlation with multivariate GARCH processes. Their time-varying conditional correlation model allows them to analyse the short-run time-varying fluctuation in excess comovement, but the longrun mean of the correlation is set to be constant. Using monthly data from 1974 to 1992, they find 1 A possible explanation of the excess comovement of commodity prices suggested by Pindyck and Rotemberg (1990) is that "commodity price comovements are to some extent the result of 'herd' behavior in financial markets." that evidence of excess comovement becomes weaker especially when the multivariate GARCH is applied.
In this paper, we generalize the model of excess comovement further to develop the smoothtransition dynamic conditional correlation (STDCC) model based on the smooth-transition correlation (STC) model by Berben and Jansen (2005) and Kumar and Okimoto (2011) . In the STDCC model with time as a transition variable, the STC part describes long-run trends in correlation and the DCC part captures short-run fluctuations. Thus, combining them enables us to investigate changes in long-run trends and short-run dynamics of excess comovement simultaneously. Moreover, the STC part allows us to detect solely from the data when and how a structural change, if any, in correlation occurs. To our best knowledge, this paper is the first to apply the STDCC model to excess comovement of commodity returns and to examine the timing of its structural change.
The main contribution of this paper is that using this STDCC model, we find several new empirical facts regarding the behavior of commodity excess comovement. First, the STDCC model detects significant long-run increasing trends in commodity excess comovement. Indeed, in contrast with the time-varying conditional correlation model by Deb, Trivedi, and Varangis (1996) that cannot detect long-run trends, this paper finds that the effect of long-run trends is much larger than that of short-run fluctuations, suggesting that the STC model is sufficient for characterizing the increasing excess comovement among commodities for our monthly data.
Second, both STC and STDCC models find that such long-run increasing trends in excess comovement have appeared since around 2000. Until 2000, the excess comovement of commodity returns was almost constant and remained at low levels, which is fairly consistent with Deb, Trivedi, and Varangis (1996) . However, it has increased gradually since 2000 and reached much higher levels toward 2011. This result complements Tang and Xiong (2012) Third, we investigate possibility of non-monotonic trends and find that the increasing trends in excess comovement among commodity returns are not entirely explained by the recent financial crisis. To test the possibility that the excess comovement among commodity returns might decrease after the financial crisis, we extend two-state STC model to three-state model and investigate whether and when, if any, the trends revert to be decreasing. The results indicate that the increasing trends in excess comovement after 2000 are the dominant feature of the dynamics in commodity excess comovement. This complements the findings of increasing trends in correlations by Tang and Xiong (2012) that examine only monotonic trends and Silvennoinen and Thorp (2013) that use the data up to 2009. Fourth, we show that the increasing long-run trends of excess comovement are robust to changes in sensitivities of commodity returns to common macroeconomic shocks. Since the STC model assumes that the sensitivities of commodity returns to common macroeconomic shocks are constant, there remains possibility that the increasing trends in excess comovement might be caused by the (ignored) increasing trends in sensitivities to common macroeconomic factors. We examine the model that incorporates such possibility and obtain qualitatively the same result.
Fifth, we find that, unlike the results above, there are no significant increasing trends in excess comovement among off-index commodity returns.
2 This is generally consistent with Tang and Xiong (2012), who show a larger increase in correlations for indexed commodities than for offindex commodities.
Finally, we show that our results are robust to the global macroeconomic shocks. We examine the STC model taking account of the global macroeconomic variables, instead of the U.S. macroeconomic variables, and still find significant, though a bit weaker, long-run increasing trends in commodity excess comovement. Thus, the increasing trends of excess comovement are not entirely attributed to the recent growth of world economy.
While the main focus of this paper is to examine how excess comovement of commodity returns has changed over time by the STDCC model, it is worth reviewing several related papers that attempt to explain the causes of the increase of return correlations (or excess comovement) among different commodities and/or between commodities and stocks (or bonds). Tang and Xiong (2012) find that the correlations among commodity returns have increasing trends since 2004 and that these increasing trends among the indexed commodities are significantly larger than those among the off-index commodities. They suggest that this result is caused by the increasing capital flows into commodity markets through index trading i.e., financialisation of commodity markets. Silvennoinen and Thorp (2013) show that the return correlations between commodities and stocks (or bonds) have increased since 2000 and also suggest that this is due to integration between markets of commodities and traditional assets through capital flows into commodity markets. 3 Using the 2 Following Tang and Xiong (2012), we call those commodities listed in either the GSCI or DJUBS indexed commodities and those commodities listed in neither off-index commodities. This paper is organized as follows: Section 2 provides the model and explains the estimation method; Section 3 conducts the empirical analysis; and Section 4 serves as a conclusion.
Model and Estimation

Model
We investigate the following four models: the benchmark model with constant correlation, the DCC model with time-varying conditional correlation, the STC model with smoothly changing stationary level of correlation, and the STDCC model with time-varying conditional correlation around smoothly changing stationary level of correlation.
Benchmark model
Our benchmark model is the one used by Pindyck and Rotemberg (1990) and given by the following equation:
Here, ∆ is the difference operator and p i is the logarithm of the price of the ith commodity. x is a common set of macroeconomic variables to filter out the linear influence of macroeconomic shocks. The macroeconomic variables are logarithms of the CPI, industrial production, exchange rate, stock price index, money stock, and interest rate (not in logs). α ik is a vector of coefficients of macroeconomic variables with lag k for commodity i.
GARCH) model, which is closely related to the DSTCC model in this paper.
Pindyck and Rotemberg (1990) find a (weak) positive correlation in residuals u of the equation
(1) from several commodities and call it excess comovement of commodity prices. 
where H t is the M × M conditional covariance matrix at time t of the commodity returns and v t is assumed to be independently identically normally distributed with mean 0 and covariance matrix
1/2 , h ii,t is the (i, i) element of H t and the conditional variance at time t of the ith commodity return following the GARCH(1,1) model as
and R t is the time-varying conditional correlation. Following Engle (2002), we model R t as
where
t u t is a standardized disturbance vector and q ii,t is the (i, i) element of Q t . We can test the excess comovement between commodity i and j by testingq ij = 0, whereq ij is the (i, j) element ofQ, sinceQ is the unconditional correlation matrix of the standardized disturbance ε t .
STC model
One restriction of the DCC model is that the unconditional correlation, or the stationary level of correlation, is constant, although the conditional correlation is assumed to be time-varying. However, a large change of market environments such as rapid growth of commodity index investment might affect the stationary level of correlation. Hence, the assumption of the constant stationary level of correlation might not be appropriate.
To examine this possibility, we consider the smooth-transition correlation (STC) model as the third model. The smooth transition model is developed by Teräsvirta (1994) in the AR model framework, and later used to model correlation dynamics by, among others, Berben and Jansen (2005) and Kumar and Okimoto (2011) . 4 In the STC model, the time-varying correlation R t is modeled as
where G is a logistic transition function given by
Here, s t is a transition variable governing the transition, c is a location parameter determining the center of transition, and γ is a smoothness parameter specifying the speed of transition. We use a time trend as a transition variable, namely s t = t/T , to capture a long-run trends in unconditional correlation following Lin and Teräsvirta (1994) . In addition, we assume 0.01 ≤ c ≤ 0.99 so that we can detect the correlation transition within the sample period. In this framework, the time-varying correlation R t changes smoothly and monotonically from R (1) to R (2) with time. Thus, we can interpret R (1) as a stationary level of correlation around the beginning of the sample and R (2) as a stationary level of correlation around the end of the sample.
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One of the main attractions of the STC model is that it can detect from the data when and how structural change in correlation occurs. The STC model can describe a wide variety of patterns of change in correlation, depending on parameters c and γ, which can be estimated from the data. Thus, by estimating the STC model, we can estimate the best pattern of long-run trends in correlation. Furthermore, we can test the excess comovement in regime k between commodity i and j by testing r
. In addition, we can test the equality of excess comovement across regimes by testing r
ij . This hypothesis test is particularly interesting when investigating the increase in excess comovement possibly caused by the development of index investment.
STDCC model
Our final model is the smooth-transition dynamic conditional correlation (STDCC) model, which is a combination of the DCC and STC models and given by
where G is a logistic transition function (5). As we explained above, the DCC model is useful to describe the short-run behavior of conditional correlation, while the STC model can capture the 5 This formulation enables us to detect only a monotone change of correlation from R (1) to R (2) . In section 4, to investigate the possibility of non-monotonic change, we extend the model to have 3 states of correlation R (1) , R (2) , and R (3) . We then estimate the model and find that there is no significant difference between the 2-state model and the 3-state model. long-run trends on an stationary level of correlation. Therefore, the STDCC model is expected to shed light on both short-and long-run dynamics of excess comovement of commodity prices. In the STDCC model, we can test the excess comovement in regime k between commodity i and j by testingq (1) ij =q (2) ij under the dynamic conditional correlation.
Estimation
We estimate all models based on the maximum likelihood estimation (MLE). One concern associated with the MLE, however, is that there may be too many parameters to be estimated. To mitigate the problem, we adopt the two-step approach proposed by Engle (2002) to maximize the likelihood function.
Let θ be a vector of parameters to be estimated. Assuming v t follows multivariate standard normal distribution independently, we can write the log likelihood function, L(θ), of our model as
Noting that
t u t , we can rewrite (7) as
where θ m and θ c are the parameters of marginal distribution and correlation, respectively, and
Thus, the log likelihood function can be decomposed into two parts. The first part is related only with the parameters of marginal distribution and can be maximized by separately maximizing marginal likelihood for each commodity return. The second part of the likelihood is associated with the correlation dynamics, which can be used to estimate correlation parameters.
The two-step approach to estimate all parameters is to find
and then take this value as given in the second stage to get
This two step estimation is consistent and asymptotically normal under reasonable regularity conditions. Although the formula to calculate the standard error of the correlation parameters is given in Engle (2002) , it might be too complicated to calculate it accurately, when the number of parameters is large, which is so in this paper. For this reason, we ignore the effect of the first-step estimation and use the usual MLE formula to evaluate the standard error, which should not be a serious problem if the sample size is large.
Empirical Results
Our empirical analysis is based on monthly data with the sample period lasting from 1983:1 to 2011:7. We obtain the indices of primary commodity prices published by the International
Monetary Fund (IMF). Specifically, we use agricultural raw material (AGR), beverage (BEV), and metal (MET) indices. 6 We exclude food and energy indices from our analysis, since they are available only from 1991 and 1992, respectively. Instead, we adopt the average oil prices (OIL), which is the average of U.K. Brent, Dubai, and West Texas Intermediate. In addition, we obtain the same US macroeconomic variables as those used by Pindyck and Rotemberg (1990) from the Federal Reserve Economic Data (FRED) to filter out the linear influence of macroeconomic shocks.
These data include the seasonally adjusted consumer price index (CPI, Π), the seasonally adjusted industrial production (Y ), the 3-month Treasury bill rate (R), the trade weighted exchange rate index (E), the seasonally adjusted money supply, M1 (M ), and the S&P 500 stock price index (S). 
Weak evidence of the excess comovement of commodity prices
We estimate the benchmark model (1) with K = 1 as Pindyck and Rotemberg (1990). 8 Our estimation results are given in Table 1 . CPI, industrial production, and exchange rate are significant at least at the 10% level for AGR, while the interest rate and the exchange rate have some explanatory power on BEV. More macroeconomic variables are important for the two other commodities. 6 The agricultural raw material index consists of timber, cotton, wool, rubber, and hides. The beverage index includes coffee, cocoa beans, and tea, while the metal index consists of copper, aluminum, iron ore, tin, nickel, zinc, lead, and uranium. 7 In subsection 3.7, we replace these US variables by the global ones and examine the excess comovement by filtering out the global macroeconomic shocks. 8 We also confirm that residuals from the benchmark model (1) with K = 1 are serially uncorrelated for all commodities.
Specifically, all variables but money supply are significant for MET, whereas all variables but stock price are significant for OIL. In addition, the lagged dependent variable (AR1) is significant for all commodities. Overall, the explanatory power of the macroeconomic variables and the lagged dependent variable is relatively high with R 2 ranging from 0.142 (BEV) to 0.331 (OIL).
To examine the excess comovement, we estimate the correlations among residuals from the benchmark model (1). Table 2 and commodities. 9 Note, however, that it may be difficult to detect the trends in the time-series of conditional correlations estimated by the DCC model, since it assumes no trend in correlation.
The following subsection shows this point.
Increasing trends in excess comovement
One restriction of the benchmark and DCC models is that the unconditional correlation, or the stationary level of correlation, is constant, although the conditional correlation is time-varying.
The recent growth of commodity index investment, however, might affect the stationary level of correlation gradually as the index investment grows. To investigate this possibility, we estimate the STC model (4) using the standardized residualε t from the benchmark model (1) with a univariate GARCH model (2). Table 4 In contrast, all pairs show significant excess comovement in regime 2 with a much larger correlation. Indeed, all correlations are estimated at more than 0.4, suggesting that the excess comovement becomes much larger in more recent periods. To examine an increase in excess comovement more formally, we test the null hypothesis of the equivalence of correlation across regimes. The
Wald statistic and its p-value are reported in the last two rows in Table 4 . The results indicate that the null hypothesis is rejected for all pairs at least at the 10% significance level, meaning there has been an increase in excess comovement in recent years. Note also that the results suggest the importance of considering a possible regime change in unconditional correlation, which neither the benchmark nor the DCC model can capture.
Since our analysis demonstrates a significant increase in excess comovement, it is instructive to see when and how the increase occurred based on the STC model. We plot the estimated time 
Long-run trends vs short-run dynamics
Although the STC model with time as a transition variable is suitable for capturing long-run trends in unconditional correlation, one might wonder whether our finding of increasing excess comovement is an artifact by neglecting the short-run fluctuation of conditional correlation. Therefore, accommodating the short-run behavior of the conditional correlation in the STC model is instructive. To this end, we estimate the STDCC model (6) to take both long-and short-run dynamics of correlation into consideration.
The estimation results indicate that the DCC parameters turn out to be insignificant with the estimates ofâ = 0.017 andb = 0.000. This is in great contrast to the results of the DCC model whereb = 0.844 is significant, suggesting that it is relatively more important to capture the longrun trends in correlation than the short-run dynamics in conditional correlation at least in the recent period. The estimation results for the unconditional correlation of each regime are reported in Table 5 . The results are very similar to those of the STC model. In particular, the results show no significant excess comovement for all commodity pairs in regime 1, but in regime 2, all excess comovements are significant with significant increases. The dynamics of correlation in Figure 2 are also similar to those in Figure 1 , with relatively small short-run fluctuations in conditional correlation. These results are not surprising, given that the DCC parameters are insignificant.
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In sum, it is more important to capture the possible regime change in unconditional correlation than to accommodate the short-run fluctuations in conditional correlation at least to capture the recent increasing trends in the excess comovement of commodity prices. Thus, the STC model seems to be sufficient for characterizing the increasing commodity excess comovement from 1983 to 2011. 10 One possible reason for the small short-run fluctuation may be that we use monthly spot data.
Financial crisis and monotonicity of trends
One limitation of the STC model is that our model allows only the monotonic transition from the initial stationary correlation level R (1) to the terminal stationary correlation level R (2) . However, the correlations may change non-monotonically over time. For example, Büyükşahin, Haigh, and Robe (2010) find that the correlation between stock and commodity returns is positive and become much larger during the financial crisis, especially in the autumn of 2008, than in the preceding period. Thus, the return correlation may peak in the middle of the financial crisis and become lower afterwards. If this is the case, the STC model could exaggerate the increase in excess comovement.
To examine this possibility, we develop the three-state STC model in which the time-varying correlation R t is modeled as
where G 1 and G 2 are a logistic transition function with different location and smoothness parameters. We assume 0.01 ≤ c 1 < c 2 ≤ 0.99 so that we can detect the correlation transition within the sample period. Under this assumption, time-varying correlation R t changes smoothly through three stationary levels from support the two-state model over the three-state one. That is, the two-state model that captures only monotonic trends in correlation is enough to describe the dynamics of the excess comovement of commodity prices over almost the last three decades.
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The DSTCC-GARCH model with time for both transition variables can describe non-monotonic trends. Silvennoinen and Thorp (2013) find this specification fits well for several commodities in their data.
Change of sensitivities to common macroeconomic variables
In our STC model, the sensitivities of commodity returns to common macroeconomic variables are assumed to be constant. In reality, there may be changes in sensitivities over time. One may thus wonder whether our findings are due to ignorance of the changes in sensitivities to common macroeconomic factors. To explore this possibility, we develop the following smooth transition regression (STR) model:
where ε it is a standardized disturbance of commodity i. Thus, in the STR model, the coefficients of the macroeconomic variables can change, following a smooth transition model. We use logistic transition function (5) and the time trend as a transition variable. We also allow the volatility to change, following the same smooth transitions to capture possible regime changes in volatility. We estimate the STR model (8) via MLE assuming ε it ∼ iid N (0, 1) to get the standardized residualŝ ε t . 12 Then, we estimate the STC model (4) using the standardized residual from the STR model
The estimation results of correlation of each regime for the standardized disturbance from the STR model are documented in Table 6 . The results are qualitatively similar to those of the STC model. In particular, the results show no significant excess comovement for all commodity pairs in regime 1, but in regime 2, all excess comovements are significant with significant increases.
Although the correlation dynamics plotted in Figure 4 become more linear than those in Figure   1 , the increasing trends are still quite similar. Those results clearly indicate that our finding of increasing trends in excess comovement in commodity prices still holds after changes in the sensitivities to common macroeconomic variables are considered.
Off-index commodities
Tang and Xiong (2012) also show that the increase in average correlation after around 2004 is much larger among indexed commodities that are the components of either the GSCI or DJUBS than among off-index commodities that are not components of the GSCI or DJUBS. We thus investigate whether we find a similar difference for the excess comovement among off-index commodities.
The IMF commodity price indexes used for our analysis contain several off-index commodities as components. 13 To examine the dynamics of excess comovement for these off-index commodities,
we estimate the two-state STC model using the price data of hides (HID), softwood (SOF), tea (TEA), and tin (TIN).
14 Table 7 
Effects of global macroeconomic variables
Another possible explanation of the increasing trends in commodity excess comovement could be a surge of global commodity demand since the early 2000. Since we only control the US macroeconomic variables, increasing trends in the excess comovement might reflect such growth of world economy. To examine this possibility, we obtain the CPB industrial production world production weights index, the IMF world CPI, and MSCI world index from the Bloomberg and estimate the two-state STC model and use these data instead of US industrial production, CPI, and stock index data.
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The estimation results of unconditional correlation of standard residuals of each regime are shown in Table 8 . The evidence of increase in the excess comovement of commodity prices be-comes weaker, but still remains after accounting for global macroeconomic shocks. For instance, although BEV-OIL pair no longer has significant positive correlation in regime 2, the rest of pairs still show a significant excess comovement in more recent years. In addition, the correlations in regime 2 become uniformly smaller compared with those of Table 4 based on the US economic data, suggesting the degree of increase in the excess comovement is smaller. Nonetheless, the results indicate that four pairs out of six have a significant increase in the excess comovement.
Furthermore, the rest of two pairs without significant increase has maintained the relatively high excess comovement throughout the entire sample period.
In sum, the analysis with the global economic variables demonstrates that our finding of increasing trends in excess comovement of commodity returns cannot be attributed entirely to the recent growth of world economy.
Conclusion
We investigate whether and how excess comovement of commodity returns have changed over time.
We generalize the model of excess comovement, originated by Pindyck and Rotemberg (1990) and extended by Deb, Trivedi, and Varangis (1996) , to the STDCC model, which can capture long- We conduct several robustness checks and confirm that these increasing trends are not just due to the recent financial crisis, the changes in sensitivities to common macroeconomic shocks, or the recent growth of world economy. Moreover, we find no significant increasing trends among off-index commodity returns. These findings provide additional evidence for the timing and scope of the increasing commodity-return correlations in the recent period.
There remain several issues worth investigating. First, while we find that the short-run fluctuations in excess comovement are much smaller than the long-run trends for monthly data, it is instructive to see whether we obtain similar results for weekly/daily futures returns. Second, to avoid somewhat arbitrary choice of macroeconomic variables that set "fundamentals", it is worth applying the large approximation factor model used by Le Pen and Sevi (2013) to extract the fundamental factors from a larger set of variables and analysing the trends in excess comovement.
Finally, recent empirical studies find that changes of commodity open interests predict asset returns (Etula, 2013; Hong and Yogo, 2012) . It is interesting to see how the results change if we include those variables in addition to macroeconomic ones. These are issues left for future research. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. Note: */**/*** indicates that the variable is significant at the 10%/5%/1% level of significance, respectively. 
